Evolution of Feeding and Mating Behaviors
in the Empidoidea (Diptera : Eremoneura)
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evolutiosary ypotheses bave been proposed (Hased, 1908, 1909, 1933, ELTRINGHAM, 1927
KESSEL, 1955, DOwNES, 1970, TREHEN, 1971, Civala, 1976) but never on a stricl
phylogenetic basis. Nuptial gifis have been discussed by some recent suthors (THORNHILL &
ALCOCE, 1983) bt herein | propose 10 study two other attributes: feeding and swarming habits.

Predatory habits and matisg swarms have always been hypothesized a5 primitive habits in
the Empidoadea (Chivala, 1983), ahhough matng swarms have only been observed in the
sbfansly Empidinse Other empsdoids form swarms but mating behavior abways takes place
caitside them. This point of view is traditional and decp-rooted.

Recent progress m ihe phylogeny of the Empidoidea allows me to test traditional
hypotheses of this kind with respect 1o phylogenetic evidence, Evolutionary psttems of attributes
— feeding and swarming habits - are infermed by mapping them on the phylogeny. These inferred
paterns are compared afierwards 1o former evolulsonary hypotheses.

MATERIALS AND METHIHS

A ey smshaus (o thetom g and fiflem chafsoers) win poifoenod on the omulice and ool of
Erpudosden wung the program Blenng®6 (Facus, 19688), rombts ware asahored with Clades, verseos 1.1 (Moo, 1998 Thn
Py ot il e ot Lhe plwloponctis Erew s, characiens are thes proscniod i the appendic | Uhing =i~ Dt

efiEneruton ) alporitm, o e wan obtured with the boagth of 31 viops, the commisency ke ©1 =080 and (he foicstion
isde Bl = 0% (Fig 1)

e crolutan of attnbuton was miemed b oplresstion m phloponctsc reow, oosg F ik paramosy (Frros, 1971
Rstes of sbinburicg ang oodod afel ettirad 12 the matrm and o optmenie 1 vl and ssalvial by Hemght monon-
Aty vy, waeley e “wn M feon, without ceafgeoap aned seeg “ooode [T fscteon Fodvrmorpluem botwoom g o poTsTs of
it spcies g Bermmmal bavon o ooded <7 Thoe drawisgs wore porformad meng, Treaview (Pace, | 556,

FHYLOGENETIC SYSTEMATICS
Mrsforice

Among the Empedosdea (Fig 1), fve famsbes were recognized by Clivasa (1983),
Empididae, Hybotidae and Microphoridae (resulting of the division of the wraditional fasily
Empididac), Atclestidae (including somse genera origimally classified in the Playpezidac and
Hybotinae) and Dolichopodidae. In the phylogemy which he proposed, the Empidoidea and
Cyclorrbapha formn 3 monophyletic group but the Arclestidae are the sister group of the
Cyeloftbapha, thus the Empidoides are paraphyletic. At the present time. the Empidoadea
(nchading the family Arclestidae) are recognized as a monophyletic taxon supported by four
synapomorpecs (CUMMING ef al, 1995) and sister group of the Cyclorrhapha, forming 1ogether
the clade Eremoncura supported by ten symapomsorphies (MCALFRE, 1989, SNcLaR, 1992;
Cumvmma e all, 1995)

WEGMAM o ol (1993) proposed some phylogenetic hypotheses and focused on the
theories {epandrial and periandsial) of male genitalia evolstion. Unfortunately, as SmNCLAR
(D545 T19) moted, WiRGMANN'S hypotheses are poorly supported, several characters being
Béghly palymorphic and the others incorrectly scored

SINCLAIR (1995) reduced the family Empididae (semsw CHYALA) 10 foiar subfisilies,
Empidinae, Hemerodromiinse, Climoceringe and Oreopetoninae. The  Brachystomatinae,
Ceratomerinae and Tricopezinae (The subfamily Tricopesinee was newly defined by SmaciAlR,
PS5, s monopindy is supported by the presence of a median apodeme in the female
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o 1, — Mmoo yp {from French G ), femade, hateto Scabe bar = | =

postabdamen) are hypothesized 1o be a monophyletic 1axon, sister group of [Dolichopodadae +
Microphoridae] on the hasis of several charscters of female postabdomen largely detailed by
SENCLAIR (1995 TI8-719, characters 1, 2, 3 and 4; see akso appendix |, characters 11-14)

i herciers

The works of ULRICH (19711, CHVALA (1983), WIEGMANN ef ol (1993), CUMMING ef ol
(195) and SINCLAIR (1995) have been re-anahvred 1o propose a matrix of 13 morphological
characters (Appendix 1). The principal subject of this paper 13 nod ik pl-}rn;gm- of the
Emgpidoadea bunt the evolition of ethological characters, | refer readers 1o :h:nnglru] nﬁnm:-:-:.
for more details about the morphological charsciers. Nevertheless, ot this poant it 13 pertinent 10

comenen of (wo of the characters i :
Prokatepistermm fused with the basisterrite {Characier 30 Prinstively, the basistermto

{= prosternum), a sclerite located between the front coxae, 1S szl ased isclaied, but in FITHET
taxa of Diptera it is developed laterally and fised with the antenor veniral ¢pashernum
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{prokatepistermam) to form a precoxcal bridge (SeErGHT, 1969). This has been observed in the
Empadinae, Hemerodrominae, Clinecerinae, Brachvsiomatinge, Ceratomennae, some
Tricopezinae (at least Heneraphlebus, Hyperperacera and Heleodromur), some Dolichopodidac
and some Tachydromiinae

Fresence of an endoskeleral ridge i mesmepimeron (Character 4). ULRICH {1971)
showed the existence of an endoskeletal ridge i mesanepimeron in some empidoids, forming 2
characieristic complete or imcomplete pocket in line with the laterctergite. it s carious that this
characier has never been used or commented by ather workers since 1971 A complete pocket
Pui been observed im the Oveogetominae (ULmici, 1994), Clinocerinae  { Whedemaarr,
Dalichocephals, ULRICH, 1971), Hemerodromanae (Chelipacks, ULRICH, 1971), Tricopezinse
(Tricopesa, Rwhistefla, ULRICH, 1971, 1994) and Ceratomerinae (LILRICH, 1904), whereas an
mcomplete pockel seems presemt in sl species of the subfamily Empidinse, and some
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Tricopezinae (a1 lexst Meterophiebuny). Consequently this characier has been used m 1he matn
{Appendsx 1) under 3 states and treated as non-additive

Plevlogerry: Empididae as a monophylense group (Fag. 20

The nsonophyly of 1ke Empididee is supponied by the presence of an endoskeletal ridge in
the mesanepimeron forming a complete pocket in line with the lterotergne even if this pocket 1s
secondarily reduced dorsally (Empidinae) or estirely lost in the more specidiined
Hemeradromiinae like (elifera where the lengihening of thorax has led to the loss of pleural
sutares. It is hvpothesized that the presence of the pocket is a syrapomarphy for the clade
[Oreogetoninae + Chnocennse + Hemerodromiinee + Empidinae]. A poctiet of the same
stnscture and position existing in Tricopezinae and Ceralomerinae, it is provisionally supposed
that these 1wo LINE &1¢ Sister groups .

Witken the cade [Atelestidae « Hybaldse + Empsdidac). supposed II'I-I:I-I'H:-l:Ih:.'HI!!IrE an the
basis af the absence of acanbophorites i the female (SINCLAIR, 1995), oaly the Clinoceringe,
Hemerodromsnae and Empadinae (and also a fiew species of Tachydromisnae) podsess & precoxal
bridge Consequently, these three subfasilies form a monophyletic group wilkah lh-t_EI'Hdl-!il-l.'-
A preconcal bridge has appeared independently once or several times in the clade [Dolichopodidae
+ Micropharidae + Ceratomennae + Brachystomatinae + Trcoperinse]

THE ATTRIBLITES
Feedung habits

Most Empidosdes are predators, however some are also flower visitors (pofles or nectar
feeders). Tabde | shows the differemt feeding habais observed in the superfamily. Two subfumilics

Fociim B —J'm.hthh'l.l.l.ﬂi'wihh ﬁtp:mmm-'-ﬂﬂﬂ“-t
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of the Empadidag (Chinocerinae and Hemercdrommnae) as well as two subfamilies of the
Hybotxdse (Hybofinae and Tachydromsnse) may be conssdened as entirely predatory, the
remaining families and subfamilies are both predators and pollen of nectar feeders The
Dolichopodsdae are entirely predators apart from the genus Mercorramvs of which species are
nectar feeders (LAURENCE, 1953) The Mirophondse (genus Microphorns) are gencrally
predators but slso often found on flowers (CHvaLA, 1983) bat we do not know if they are pollen
or nectar feeders. The Hybotidae genera duchatia, Allmibalia and Ewiyorewra are pollen or
neciar feeders bt one specees (ol least), Anbalia bulbagr, 15 known to feed on pollen (IWHES
& SMITH, 1969), the remmning Hybotidse sre enrely peedators (CHvALA, 1981) The
Oreogetonnae genera feapdnla and  Arifwpiscopus are pollen or sectar feeders whereas
species are predators (CHANDUER, 1972). The Emgidinac are mectar feeders but
duzing the mating persod mabes bunt other insects which are offered to females 45 a nugitial gifl
Three remarks are necessary, (1) males never feed preys which they have caugh, (2) in the genus
Hifara, the gift can be a simple vegeal Fragment not edible to the female (TREHER, 1965), (3)
species of thas gemus have rarely been observed cutade the habilai (generally places with
presence of water: river, lake or simple puddle) where individuals hung and nate, comsequenthy
evidence of their feeding habits is Iacking The foeding habils of Tricopezinae, Ceratomennae,
Brachystomatinae and Atclestidae are almost entirely unknown on sccount of the scarcity of thear
specses in the mature. Covala (1983) supposed that the Cermomerinae are fower visitors
because their proboscis s clongated, but the presence of a morphological character 1 mol
unequivacal evidence of the existence of a behavior
Among the Empidoidea, it b8 possible to dastmguish four chiel classes, species entirely
predators (Hybotmee, Tachydromiimae, CEnocennse and Hemerodromamae), species entirely
flower visitors (Hercastamus, Anthatia, ANarmfalio and Eurfpricura). species both predators and
flower visitors (Microphorus) and the flower visiting species in which predstion is only
performed by mabes and during the mating period (Empidinae). Among the predators, the hunting
can take place i Mght (Dobchopodidae, Microphoridae, Hybotinae, Ocydrominae,
Orecgetoninse, Chnocerinae and Empadinae) or on the ground (Tachydromiimae and
Hemerodromiinag)

Swarrming Fuebits

Swarming is & well known habit in many groups of Diptera (GRUHL, 1955, MCALPNE &
MUNROE, 1968, DOWNES, 1969, CHVALA, 1990) cspecially in the Empsdosdea Indeed, 5 families
or subfamilies of empidoids display this behavior; the Microphonidase, Atelestidee, Ocydromiinae,
Ovecgetoninae and Empidinae. The remasning Enpidoides kave never been observed to form
swarms (Dolichopodidae, Hybotinae, Tachydromiinae, Clinocerinae asd Hemerodromine) o
are insufficsenily known (Brachyaomatmae, Ceratomennag and Tricopezinac),

CGRUHL (1933) distinguished synhesmic swarming from synorchesic swarming The firss is
characterized by an unceganired mass of & large number of individuals resulting from mass
emergence, the second forms coberent usals charactenoed by an ordered Might (often species-
specific) of several indnviduals termed true synorchesis. Gruhl also distmguished several
evodutionary sieps bradang 10 this true symorchesia, chiefly the prosynoschessum (a pursut flight
of males from their pesching places), the monorchesium {ihe hovering and dancang of isalated
indiividuals) and the polvorchesium (the rhythmic alternation of dancing-perchisg-dancing of a
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few Endividuals). Among the Empidoidea, in seems that ibe Empsdinae form the polyorchesiem
swarms, whereas the oiber groups, especally Ocoydromiinags, have generally observed in
mondrchesiam swarming (CHYALA, 1983)

Swarming in the Empidoidea has always been linked to the meeting of sexes and thus 10
the matang In fact, as CHVALA {1930 moted, it seems thal 1his is charactenstie of the Empidsae
oaly. [ndecd, in this group, males are seen in swanms with prey that are offered 10 females juss
before mating. Matng begins in b swarms and ends oa a solid substrstumn. In the oiber
Empidoides forming swarms, kanieng or mating have never been observed n swarmss

It seems therefone that, both struciurally and functionally, swarms formed by ihe Empidenae
are disfinguishable fromn these of the Abclesiidae, Microphondae, Oreogetomnae and
Ocydromiimae. That is why in table 2 we consider 3 cases among the superfanaly, groups of
whach species iever Form swarms (no swarmeng sctivity), these for which swarnssg represents a
meonorchesaum and in which husieg or mating has not been observed (swarms without mating),
and these for which swarming represents a polyorchesiam or inee $ynorchesaa and which e
linked with Both a predsiory and mading aciraties (mating swarms)

MNevertheless, we will also consider the case where two altnbufes under two 88105 ¢
spccessively ireated, presence and absence of swarms and beginning of maling | of outsids
FWAITNS

Tabil T — Swarsusg asd Mol habets w e Frpedeshe A quastion mark indcaton sn umlnown delc

T Mo wnarming  wnanms walhoom i
sl St TR AT

Sietesidaes 5

Circogeiominas 5

Clinocerinae %

Empidenc: x

2 ez roscr poed b mee %

Ohoydromiinas 5

Hubsod inas: x

Tach dromassms; %

P By wcoemuati nue 7 : ':

Cormamering

Tropcrinse T . 7

Migrophoridae A

Dalichopedidas %

FORMER EVOLUTIONARY HYPOTHESES
Feeding: habits
Predatory activity has always been considered ancesiral For the Lm;-iﬂ#.lﬂ (CHVALS,
1983} for at least three reasoms, (1) it 15 a very widespread habat in the ".'-IlptrEltlTuh'.. the !I'I[m‘#
visitor species being only found in & few genera and one subfamily, (2) predation i considered
ik basal feeding habst of the Asiloddes and Empidoidea, (3) oldest known fossdl of Empidoadea is
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FIRST STAGE | FRIMITIVE TAXA

= Prewcace of snanma.

> Béjpaning of maling un suarms,
erching on 4 ol febdlrsnim

= Sigraficance of vaarms adaptalios i
foud 1he menAing of srcs.

l

SECOND STAGE

= Presence of Suarms
| = The whale peocess of maingona |
| selid sshstzatum I

THIELE STAGE
= Nap SRANEINE BCUNEY. *
> The nhole process of matling on & .
wlid szhstraiym SPECIALIZED TAXA |

Fia ¥ = Mlmbe] ioff the evididteon of rearmsg & Daplers (alber Mofermma & Mo, VS, Doasas, 1968, Cirvals, 1581

dmed from 160 millions vears (maddle Jurassic) (UsacHEY, 1968) before the nse of the
Anginapenms

The facy that predmtion is very widespread im the superfasmly 18 not evndence of ns
suppoved ancestral ongin Such hypothesis can be compared 10 the imgroup distnbution critena
used in pindogeny to establish the polanity of characters. Mow we know thas this criteria is mot
vakusble On the other hand, in the Asiloidea, only the Asilidee are predatory, and the habits of
the Asiloades could be informative in this context if the Empidoides and Asiloidea are sister
groups, but ibe sister-group of the Empidoidea is the Cyclorbapha (Cuseamo ef af, 1995)

For these rexsoss, it soems pistifved 1o test the hypotheas of plesomorphy of predation for
b ﬁtrn:p-d-ndﬂ We will also test the Fpothesis tha predaton in fight is ancestral 1o predation
o the ground.
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Swamrmirsy fabiis

The sgnificance and evolniion of swarms i ithe Diptera have been studied in severad
papers, GRUHL (1955), MCcALPINE & Missoe (1968), DowdEs (1969 and CHVALA (1976,
1980, 190). From these works, we can present consensus whach may be summansed in two
poieas, (1) swarmmng is ancesiral for the Diptera in general and esch taxon of Daprera which
presenis this behavior in panicudar, (2) the origimal fanction of swarmisg is the mesting of sexes,
whereas the mating or husting on a solid substratum is a specialized activity. This consensus i
the resul of two observations winch have been detmled by MOALPINE & Murnanos:, (1) swarming
exxsls i the maon heeages of Dipbera, neveribeless being mone widespread in the Nematooera
(reputed prisnitrve) than in the Brachycera (reputed specialized), (2) for Dipters in panicular asd
msecis in general which presest a swarmsng activity, the meeting of sexes and ihe beginnisg of
malieg oficn inke place im the swarms To summanze these ypotheses (MCAFRE &
Moo, 1968 1167) “The remarkable correlaion between swarming and mading habsis [ ] m
the phyletically distant Diptera, is 2 clear indication that swarming and coupling m fhight are basic
10 a diplerous condifion™

Meverbeless, there exists a lange number of Daplera forming swasms of wheeh the fanction
femnaans unknown. As presented earber, B0 swarmieg Empadosdes has boen observed to mate
the swarms exvcepl species of 1he subfamily Empidinae. Severnl unconvincing hypotheses have
beem proposed to explain the significance of ihese swarms (for example zee PAUNEN, 1980)
CHVALA {1983} proposed that these swarms are relicts of an ancestral behavior in which mating
i corelated with swasming, mating actnaly of these groups would have been ransferred oa a
softd substratum and swarms would be without panticular significance.

These hypotheses can be summarized in an evolisonary model (Fig. 3) thai & applies to
the whole order Daptera. Among the Empadoides, familses and suhfandhes can be affilizied 1o one
stage of model: (frst gage) Emgedinac: mectisg of sexes and beginning of mating i 1he swarm,
swarms afe an adaptation for the mecting of sexes; (second stage) Atelestidae, Oreopetonime,
Ocydromiinae and Microphoridae: meeting of seves and mating tramsferred on a solid
substratum, swarms a5 refict of ancestral behavior, (third stage) Dolichopodidae, Hybotinae,
Tachydromiinae, Clinocerinae and Hemerodromunae mectisg of sexes and mating on 3 solid
subsirabum, loss af the ability 10 form Swarms

THE TESTS OF EVOLUTHINARY HYPOTHESES

The reconstruction of phadogenies is independent from most process theones (ELDREDGEH
& CRACRAFT, 1980), that is why ibe optimization method, a8 described by BROCES &
MeLEssan (1991) among olbers, allows evolutionary models 1o be tested objectively. The
optimization consists of mapping the previously defined anributes on the phylogeny and follow
1beir evolution on the cladogram with respect of the parsimony principle

Feeding habix

Predator — Flower vivror. Foeding habits were scored in two stsles, predstor or flower
visitor. After optimization, the cladogram (Fig 4) shows that peedanion is plesomorphic for all
ihe Empidoidea but also for 1be chides [Dolichopodidae + Microphoridae], Hybotidae and
Empididee. The flower visiting habit is apomorphic for the Empadinae, predation having -u-nt}
been conserved during the mating perind. The flower visiting habit has appeared independently in
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several other Bneages of Empudoides, Bul two cases must be distinguished The first is
represented by ibe Dolichopodidas, Ocydroaniinae and Oreogetominae, for which some gencra
Becamse flower vistors (see the chapeer “attbutes™). and the second is represented by species of
the genus Mfcrophorns (Microphondae) which are both predators and flower visitors. It is
posssble 10 consider 1hat the flower visting habit has receraly appeared in this fansly. The
traditeonal model is therefore comoborated by the phylogenetic tesi

Preciotees i Tighe — Preckaran an solid swhstratwm, The atiribate (predation) has been
comsilered under two states (in fight or on sobd substratum). Afier optimization, the phndogeny
(Fig. 5) shows that predstion in flight is ancesral for all the Empidoidea and the clades
[Delichopodidae + Microphoridae], Hybotidse and Empididse. Even if predation in fight is
plesomarphic, st must be noted that this is considerably diversified and specialized in present
taxa, for insance females of some microphorids of the genus Microphorss calch other insects in
the spider wehs, 1tbe Chnocennae and males of the genus Milera (Empadinae) hust on tbe surface
of water, the second of these wrap wp prey m a silk balloon which is presented to the females just
before nating as a nepliad gift. To ssmmarize, different forms of hunting in flight ohserved
among the Empedosdea are apomorphéc for cach considered 1axon.

Hunting on a solsd substratum {on the ground or on & beaf for example) s apomarphic for
the Tachydromiimae (Hybotsdae) and Hemerodromiinae (Empidsdsch (Fig. 5) Thus i is a very
specialized type of predation that appeared by convergence in these two subfamilies. Specses in
these two subfamilics alio possess a convergently specialized mosphology where the thorax is
elongated and 1he fore and sometimes muddle legs are raptorial with clongaied coxse, thack
femora, and bent tihine (Fig. 1). These morphological characters are likely 1o be an adagtatson for
predation on a solid substreiem because Hemerodromiinae and Tachydromiinae are respectivedy
the only taxa in Empididae and Hybotdse 1o present them Tachvdromiinss and
Hemerodromiinae are therefore a remarkable example of both morphological and behavioral
comvergentes OF course, thes does not mean that ihe presence of such characters invalves such
behaviors, unforumately (has “rule™ s often applied in evolutionary biology and cases of
exaptation are oflen overlooked

Nergrmming herbits

Presence Absence of swarms. According to optimization, two equally parsimonious
patterns (4 steps) (Figs 6, 7) bave been obtamned. In both cases, swarming is plesiomoephic for all
the Empidoidea, [Dolichopodidae + Micophonidic], | Aelestidae + Hybotidae + Empidides]. and
For the Hybotidae and Empadidac themselves, whereas the abiesce of swarming is apomorphic
for the Dolichopodidae and [Hybotinae + Tachydromiinac]. In the Empididse. the situation is
mare complex because, although in the first and second patterns, swarming appears as ancestral
for the family, two cases must be considered for the clade [Clinecerinae + Empidinae +
Hemerodromsnae] In the firss pastern (Fig. 6), swarming is plesiomaorphic for this clade but also
the [Empidinae + Hemerodromiinae], the loss of this bebavior oocuming twice, once i the
Chnoceninse and a second time i the Hemerodromiinse. Swarming remairs therefore
plesiomesphic for the Empidinae whereas the absence of swarming is apomorphic far the
Chnoceninze and Hemerodromiinae. In the second pattern (Fig. T), the absence of swarming is
andestral for the [Chnocerinae + Empidimae + Hemerodromiinae] with a reversion for the
Emgadinae, swarming being therefone apomorphic for this subfasmily,
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Mtiveg ireowisiche swarms Mating in swarms being specific of Empadinae, this behavios is
apomorphec for thas group (Fig. B Conversely mating outside swarms. is plesiomorphic for all
the Empadiosdea and all clades of the phadogeny inchading the terminal taca apan from, of course,
the Empsdinas. :

Smmwmﬁwﬂ'nw:rwﬂmwuﬁ#ﬁﬂmm#wmﬁﬂfﬁ#ﬂ!?mtmm
tests of adapeation hypotheses have been reviewed by ConnexiTon (1988) and GRANDOOLAS o

Shoren  ANEEY s



174 C DALKIERON - FROLETMA OF BER FTOR £ THE ELPITYA A

B

o o

R

™, ”
Ny Crriomore. .
.
v Trrcoprinas
Mercpheorids = Foghd
i
b heoposdadie -
T = = m.”lﬂ

—— ] ek g

o i B |

Fra § — Cladegram of Feprdoudes dhowmg aptimuralion of hss of prodalien

al (1994) To samnurize, a character is an adagiation for a given taxon if it has appeared in this
taxon with the addional assumption of its selectve value

I we combine the previous resull (malng m swarms as apomorpind for the Empidsnes)
with both equally parsimonioas panerns for the Brst annbaie (presesce of absence of swanms)
then 1wo cases are possible for the Emgadinae, (1) swarmsng is plesiomorphic and bas besn
mhented from the ancestor of ik Empidoidea (and swarms formed by different Empidoidea are
homalogous) for whach the phwlogeny shows mating desd not inke place in the swarms (Fig. 6).
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They iberefore had a different funciion that was nod to sllow ibe meeting of sexes. Consequently,
swarmning m the Empidinae is an exaptation (GO & YRR, 1982) 1o the meeiing of sexes. (2)
Swarming is apomorphec for the Empidinae (Fig 7) and it appeared with 1be subfamily {swarms
formed by the Empadinae are therefose not Bomologous with these formed by some other
Empidoidea). The eatieg in swarms ansing in the Empidinae, the adapaive bvpothesis thai
swarming evolved for the meeiing of sewes is cormpboraded by the phyvlogemy

Tor 1ze {Table 3} according 1o both pattems, the tradional model 18 refubed in two
poings, {1) the ancestral state 18 mot the formation of mating swarms but the Formation of swarms
af which 1be function i unknown, 1he mating taking plice o & solid substratum (or may be in
Tlight Bt not in swearm), {2) malisg & swams is an spomosphic behavicr that appeared with the
Empadinac

In addition, the pattern | refistes the adaptation hypothesis of swarming for the meetng of
sexes in Empidinae whereas the pattern 2 corroborates it Finally, the absence of swarms as
apomsorphec character 18 cormoborated for Dolichapodidae and [Hybotisae + Tachydrosmings] by
both paiterns and Hemerodromisae and Clinocerinae by the first paitern but refuted by the
second because in this case the boss of the ability 10 form swarms ook plece for the ancestor of
the clade [Clinocerinae + Empidinae + Hemerodromiinae]

Is it possibbe to choose between exaptation and adaptation for the formaton of swasens m
ihe Empadinac? In fact we can only corsider one attnbube {(Swanming) under three states (absence

swarming without mating - mating swarms) raher than two atinbaies (swarming - mating)

Tapis 3 — Forme evoduinonan lypodhess and Then =g by mn phobopenetisc pattorm ophumirations on Lhe ¢ ladogram |
= i the empidich, the corsohoratson T only e foe the clade [Chnocennes + Fmpdineg + | msrodsomimac| with &

reveraed for thee 1 mpsslaies

Former ovolutionan: Inpoihoses Aooordiag e patiern | According o st I

Mating swarms | phosomarphis Rfumed Hicfetod
Swarms wilthoul mating Foet it Fctatid
delsct Frodm musig Svarme:

Matung wwarma: adaptabion 1o the Reefuted Corroboesied
mncrrig of woves (m Empidinach

o FUArTRERGE AUy Corroborsiod Cordobodated
ApHTRDAK

irsder two stwles (respectively absence - presence and in or outside swarms) for the reasoas
explained in the chapier “Arinbutes”

Absence of swarms — sy withom moling — g aearms. After oglimezatson, a
pattern (Fig 9) ai parsimonious (4 stepsh as the previcus oned has been found Swarming
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without mating s plesomarphic for the Empadoidea, [Dolichopodidag + Microphondae],
Atedestidae, Hhbotidae and Emgudidae, the absemce of swarms is apomorphec for ihe
Dalichopodidse,  [Hvbotinae + Tachwdromiinae] and  [Clinocerinae +  Empadinae  +
Hemerodromiinae]. On the other hasd, the Empidinac are the only Empidoidea which forms
mating swarms. This behavior is therefore apomorphic for this subfamily and a3 in the pattem I,
the adapestion hypothesis for swarming 1o the mecting of sexes 15 comoborated
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Swarms formed by the Empadinae are structurally (according 1o the GRUIE classification,
1955) different from those formed by some other Empidoides Within these swarms, the
Empidinae show 3 succession of behaviors (bunting, meeting of sexes, nuptial gift, beginning of
mating) never ohserved in any other Empidoidea In the Empidinge, swasmang and mating seem
therefore correlated, this pleads in favor of the consideration of oee sitnbute under three sales
(he swarmang activity, swarmsng without mating and malng swarms). Mevenheless b
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comsideration of two atinibuies allows two patterns of whach ome gives resulls analogous with
those obtained with one attnbute. Consequently i seems that the following conchasions force
themaselves:

1) Swarming snd mating owtsade swarns are plesiomorphic for the :

2) The absesce of swarms in some Empidoides is spomosphic for three clades,
Daolichopodidae, [Hybotnge + Tachydomiinae] and [Clinocernae + Empidinae +
Hemerodromiinae].
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3} Mating swarms are apomorphss for the Empidinae but sot homologous with swarms
I'um'lud:ll:-].- NE Empidoidea Thus they cannot be integrated to 2 global evolutionary model and
thus do not form the basis of this model as it has always boen presented. On the other hand. in
the Empidoidea, swarmisg withoul mating cannot be conssdered a refict from muting swarms

4) The adaptation bvpothesis of swarmsng 10 the meeting bfi_ﬂt; i% !:-J-m:bum:d For 1he
Empidinae without, of course, prejudging of the selective value of this behavies
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The optimizaison of characters on the phylogeny bkeads 1o refutable resulis and is the only
objective test of evolutiomary models becavse of 1is independence from thetws models. Thus
svilermabics must nol be oaly conssdered a3 the science of anvenlones, descrphions and
classifications of e in predictive sysiems, but slso s the science of explanatory framework For
charscier evolution

This method i therefore employed berein for the el tme for the Empudoedea, bud
wnpostant advances remain to be achieved in both phylogeny and ethology of the Empadoidea
before bo offer mane stable evalutiorary Fypotheses.

F'uu]l;.: Ii:-r::.mg:q'u the phylogenetic patterns in the subfanaly Empidinae is probably the
FOSt Interesting perspective CUnmamG {1994) proposed an evoluonary model for 1hes group
with reference 1o sexual selecthon. Ussng phylogeny, 1t will be therefore possible to et this
miodel #nd other hypoibeses relating the origimn and evolision of both nuptial gift and female
Ormement Atk
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